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Abstract
Purpose Imatinib often causes gastric upset resulting in
frequent co-administration of an antacid. Elevated gastric
pH, delayed gastric emptying, or introduction of Mg2+/Al3+

could potentially change imatinib absorption, thereby
aVecting the therapeutic eVectiveness of imatinib. Indeed,
antacid co-administration with dasatinib does result in a
twofold decrease in dasatinib absorption. We aimed to

deWne the eVect of antacid on the pharmacokinetics of
imatinib.
Methods Twelve healthy subjects were enrolled in a
2-period, open-label, randomized cross-over, Wxed-sequence
study. In one period, each subject received 400 mg imatinib
p.o., and in the other, the same dose of imatinib preceded
by 20 mL antacid, containing 1.6 g Al(OH)3 + 1.6 g
Mg(OH)2, 15 min before imatinib. Plasma concentrations
of imatinib and its active N-desmethyl metabolite
CGP74588 were determined by LC–MS, and data were
analyzed non-compartmentally.
Results Antacid administration did not signiWcantly aVect
the area under the plasma imatinib concentration
versus time curve (AUC) [31.7 �g/(mL h) alone versus
32.6 �g/(mL h) with antacid, P = 0.37; 80% power].
Conclusions Our results indicate that the use of Mg2+-
Al3+-based antacid does not signiWcantly aVect imatinib
absorption.
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Introduction

Imatinib mesylate (Gleevec®, Glivec®), a potent inhibitor
of Bcr-Abl and c-Kit tyrosine kinases, is widely used to
treat Philadelphia chromosome-positive leukemias and gas-
trointestinal stromal tumors [4–6]. Imatinib is associated
with dyspepsia (18%) and nausea (43%) [6] and is therefore
frequently administered with an acid-neutralizing antacid.
Antacids increase the pH of the stomach content, delay
gastric emptying, and introduce Mg2+ and Al3+ into the gas-
trointestinal tract. Each of these perturbations could theo-
retically decrease imatinib absorption, which normally
exceeds 97%. Indeed, antacids are known to be associated
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with a nearly twofold decrease in dasatinib absorption [1].
Whether, and to what extent, antacids used for imatinib-
associated gastrointestinal upset inXuence imatinib pharma-
cokinetics is unknown.

The purpose of this study was to examine the eVect of
antacids containing magnesium and aluminum hydroxide
salts on the pharmacokinetics of imatinib in healthy volun-
teers.

Materials and methods

Subjects

The study was approved by the University of Pittsburgh
Institutional Review Board. After providing written
informed consent, 12 healthy subjects (6 men, 6 women;
20–51 years) completed the study. Eligible subjects were
healthy men or women who were 18 years of age or older
and had a body mass index (BMI) <31 kg/m2. Exclusion
criteria included: pregnancy or breast-feeding; abnormal
marrow function; evidence of renal dysfunction (protein-
uria, estimated creatinine clearance <80 mL/min); impaired
hepatic function (liver enzymes or bilirubin > the upper
limit of normal); use of any medications (including over the
counter products, herbal products, or mineral supplements)
with the exception of a daily multivitamin preparation or
oral contraceptives (for women).

Study design

The study had a 2-period, open-label, randomized cross-
over, Wxed-sequence design, and could detect a 30% diVer-
ence in imatinib AUC with 80% power and a 5% type I
error, assuming a within-subject variability of 30% [2]. In
one period, subjects received 400 mg imatinib (Gleevec;
Novartis Pharmaceuticals Corp, East Hanover, NJ) p.o.,
and in the other, 20 mL Maximum Strength Maalox®Max®

Antacid/Anti-gas (Novartis) [1.6 g Al(OH)3, 1.6 g Mg(OH)2,
160 mg simethicone] was administered 15 min prior to
400 mg imatinib p.o. Imatinib was taken with 200 mL of
water. The imatinib doses were separated by a wash-out
period of 14 days in 11 patients and 21 days in 1 male
patient.

Imatinib pharmacokinetics

Venous blood samples (N = 13 per subject, 6 mL each) were
drawn from an indwelling catheter into heparin-containing
tubes before and at 0.5, 1, 2, 4, 6, 8, 12, 16, 24, 36, 48, and
72 h after imatinib administration. Blood samples were cen-
trifuged at 3,000 £ g for 10 min, and the resulting plasma
was aspirated and stored at ¡20°C or colder until analyzed.

Analytical procedures

Plasma concentrations of imatinib and its active N-desmethyl
metabolite CGP74588 were determined using a previously
described LC–MS method [7] that was developed and vali-
dated in our laboratory, after adaptation for use with a new
instrument. BrieXy, 0.2 mL plasma samples were mixed in a
micro-centrifuge tube with 10 �L internal standard solution
(5 �g/mL imatinib-D8; Novartis) before plasma proteins
were precipitated with 1 mL of acetonitrile. Samples were
centrifuged for 5 min at 16,000 £ g at room temperature, and
the resulting supernatants were evaporated to dryness under a
gentle stream of nitrogen at 37°C. Each dried residue was
dissolved in 100 �L methanol:distilled water (30:70, v/v),
transferred to an autosampler vial, and 3 �L were injected
into the HPLC system. The HPLC system consisted of an
Agilent model 1100 autosampler and quaternary pump (Agi-
lent Technologies, Palo Alto, CA) and a Phenomenex Luna
C18(2) (5 �m, 150 £ 2 mm) reverse-phase analytical column
(Phenomenex, Torrance, CA). Determination of imatinib,
CGP74588, and the internal standard was achieved using a
ThermoFinnigan MSQ Mass Spectrometer (Thermo Elec-
tron, San Jose, CA) operating in positive electrospray, single-
ion mode monitoring m/z 493.7 for imatinib, m/z 479.7 for
CGP74588 and m/z 501.7 for imatinib-D8. Standard curves
were linear over the range of 10–1,000 ng/mL, and exhibited
acceptable performance (imatinib: accuracy ¡13.1 to 9.8%
and precision within 6.8% CV; CGP74588: accuracy ¡5.3 to
6.7% and precision within 15.0% CV).

Pharmacokinetic analysis

The pharmacokinetic parameters of imatinib and CGP74588
were determined by standard non-compartmental methods
(WinNonlin Professional 4.1, Pharsight, Mountain View,
CA). The maximum concentration (Cmax) and time to reach
the maximum concentration (tmax) were determined by
visual inspection of the plasma concentration versus time
curves. The imatinib elimination rate constant (ke) was
obtained using non-linear least-square regression of the ter-
minal concentration versus time data. The imatinib area
under the concentration versus time curve (AUC) was calcu-
lated by the trapezoidal rule (linear up, log down) with
extrapolation to inWnity (AUC0–1) beyond the last sample
time (Clast). The percentage of AUC0–1 extrapolated beyond
Clast indicates what fraction of the AUC0–1 is not based on
our plasma determinations, but is estimated by extrapola-
tion. Ideally the percentage extrapolated is less than 20%.

Statistical analysis

Calculations were performed using SPSS 15.0 for Windows
(SPSS Inc., Chicago, IL). The pharmacokinetic parameter
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estimates of imatinib and CGP74588 determined in the
presence and absence of antacid were compared (after loga-
rithmic transformation) with a two-tailed, paired t test,
where a P < 0.05 was considered signiWcant. We also tested
for a sequence eVect, to determine if there was a diVerence
between the pharmacokinetics during the Wrst and second
study visit, unrelated to antacid co-administration. The
values for imatinib tmax, CGP74588 tmax, and CGP74588
half-life, after log transformation, did not follow a normal
distribution (signiWcance observed by the Kolmogorov–
Smirnov test for normality). Therefore, the untransformed
values for these parameters were analyzed by the two-tailed
exact Wilcoxon signed rank test.

We also performed an analysis of bioequivalence by cal-
culating the 90% conWdence intervals of the imatinib AUC
ratio and the Cmax ratio, based on log-transformed data,
both of which should fall within the equivalence limits of
80–125% [3].

Results

Imatinib was well-tolerated by all 12 subjects, each of
whom completed the study successfully. There was no
sequence eVect, i.e. the pharmacokinetics was not diVerent
between the Wrst and second administration of imatinib.
The pharmacokinetic parameter estimates for imatinib are
shown in Table 1. The percentage of the AUC extrapolated
beyond Clast was <5% for imatinib, allowing us to interpret
our data with conWdence. Concentration versus time curves
of imatinib and CGP74588 in the presence and absence of
antacid, respectively, are shown in Fig. 1.

The primary pharmacokinetic parameter to which this
study was powered was imatinib AUC, a measure of the
amount of imatinib absorbed. There was no signiWcant
diVerence in imatinib plasma AUC after dosing imatinib
alone, compared to in the presence of antacid (P = 0.37).
The 90% conWdence intervals of the imatinib AUC ratio
(mean 1.04, 90% conWdence interval 0.96–1.12) and the

Cmax ratio (mean 1.00, 90% conWdence interval 0.92–1.08),
both fall well within the limits set for bioequivalence [3].

We also examined the eVect of antacids on other
pharmacokinetic parameters for imatinib and CGP74588
(Table 1). We only detected a small diVerence in the
AUC and clearance of CGP74588 (approximately 10%;
P = 0.03).

Discussion

In conclusion, this study demonstrates that concomitant
administration of a Mg2+-Al3+-based antacid is not associ-
ated with meaningful alterations in imatinib absorption.
This is in striking contrast to dasatinib, where antacids have
been associated with a nearly twofold decrease in dasatinib
absorption [1]. The reason for this interaction is not clear,
but may be due to limited dissolution of the dasatinib base
in an environment with elevated pH, or due to chelation of
the abundant Mg2+ or Al3+ cations by dasatinib, resulting in
unabsorbable complexes. The small diVerence in the AUC

Table 1 Mean pharmacokinetic parameter estimates for imatinib and N-desmethyl-imatinib (CGP74588) alone and with co-administration of
antacid (N = 12)

The data are expressed as mean (standard deviation)

The percentage of the AUC0–1 extrapolated beyond Clast was <5% for imatinib and <35% for CGP74588

Analyte Arm AUC0–inf (�g/mL h) Cmax (�g/mL) tmax (h) t1/2 (h) V/F (L) Cl/F (L/h)

Imatinib Alone + antacid 31.7 (7.8) 2.06 (0.46) 2.8 (0.9) 14.6 (1.8) 281 (77) 13.4 (3.6)

32.6 (6.0) 2.06 (0.48) 3.3 (0.7) 15.1 (1.8) 277 (72) 12.8 (3.1)

P value 0.37 1.00 0.17 0.25 0.90 0.37

CGP74588 Alone + antacid 5.78 (1.57) 0.26 (0.06) 2.6 (0.9) 30.5 (5.3) 3260 (1047) 74.1 (20.3)

6.37 (1.75) 0.26 (0.09) 3.1 (0.5) 33.1 (9.2) 3217 (1175) 67.3 (18.2)

P value 0.025 0.75 0.27 0.37 0.66 0.025

Fig. 1 Mean (§ standard deviation) concentration versus time proWle
of imatinib (circles) and CGP74588 (squares) after administration of
400 mg imatinib without antacid (solid) and with antacid (open) to
twelve healthy volunteers
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and clearance of CGP74588 would not be expected to have
any clinical relevance.

Acknowledgments We thank the nursing staV of the University of
Pittsburgh Clinical Translational Research Center for their invaluable
assistance, and the University of Pittsburgh Cancer Institute Hematol-
ogy/Oncology Writing Group for constructive suggestions regarding
the manuscript. This work was supported by Novartis Pharmaceuticals
Corporation (East Hanover, NJ), and NIH/NCRR/CTSA Grant UL1
RR024153. WinNonlin software was provided as part of the Pharsight
Academic Licensing Program.

References

1. Bristol-Myers Squibb Company (2007) Prescribing Information
Sprycel(R) (dasatinib)

2. Cohen MH, Williams G, Johnson JR, Duan J, Gobburu J, Rahman
A, Benson K, Leighton J, Kim SK, Wood R, Rothmann M, Chen G,
KM U, Staten AM, Pazdur R (2002) Approval summary for imati-
nib mesylate capsules in the treatment of chronic myelogenous
leukemia. Clin Cancer Res 8:935–942

3. de Campos DR, Vieira NR, Bernasconi G, Barros FA, Meurer EC,
Marchioretto MA, Coelho EC, Calafatti SA, Sommer C, Couto JM,

Buranello S, Silva AR, Amarante AR, Abib E, Junior JP (2007)
Bioequivalence of two enteric coated formulations of pantoprazole
in healthy volunteers under fasting and fed conditions. Arzneimitt-
elforschung 57:309–314

4. Demetri GD, von Mehren M, Blanke CD, Van den Abbeele AD,
Eisenberg B, Roberts PJ, Heinrich MC, Tuveson DA, Singer S,
Janicek M, Fletcher JA, Silverman SG, Silberman SL, Capdeville
R, Kiese B, Peng B, Dimitrijevic S, Druker BJ, Corless C, Fletcher
CDM, Joensuu H (2002) EYcacy and safety of imatinib mesylate in
advanced gastrointestinal stromal tumors. N Engl J Med 347:472–
480

5. Druker BJ, Sawyers CL, Kantarjian H, Resta DJ, Reese SF, Ford
JM, Capdeville R, Talpaz M (2001) Activity of a speciWc inhibitor
of the BCR-ABL tyrosine kinase in the blast crisis of chronic mye-
loid leukemia and acute lymphoblastic leukemia with the Philadel-
phia chromosome. N Engl J Med 344:1038–1042

6. Druker BJ, Talpaz M, Resta DJ, Peng B, Buchdunger E, Ford JM,
Lydon NB, Kantarjian H, Capdeville R, Ohno-Jones S, Sawyers CL
(2001) EYcacy and safety of a speciWc inhibitor of the BCR-ABL
tyrosine kinase in chronic myeloid leukemia. N Engl J Med
344:1031–1037

7. Parise RA, Ramanathan RK, Hayes MJ, Egorin MJ (2003) Liquid
chromatographic-mass spectrometric assay for quantitation of
imatinib and its main metabolite (CGP 74588) in plasma. J Chroma-
togr B Analyt Technol Biomed Life Sci 791:39–44
123


	EVect of antacid on imatinib absorption
	Introduction
	Materials and methods
	Subjects
	Study design
	Imatinib pharmacokinetics
	Analytical procedures
	Pharmacokinetic analysis
	Statistical analysis

	Results
	Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


